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Abstract

Unlike in the United States, environmental lead in Australia and the dan-
gers it poses to small children are generally not regarded as a major public
health issue. However, the results of a recent national survey, which found that
only 7.3% of children under 5 years old had blood lead levels (PbB) over 10 mi-
crograms per deciliter, are questionable due to insufficient attention given dur-
ing sampling to the geography of urban housing and risk factors. Geographic
information systems (GIS) can address such variation, and based on the spatial
distributions of known risk factors, can identify areas, streets, and even indi-
vidual dwellings with a high probability of high environmental lead levels.
Predictions can then be validated with atomic absorption spectrometry analy-
sis of blood or dust samples. Preliminary results based on GIS analysis of a
metropolitan digital cadastral database and its associated housing data and the
spatial distribution of relevant entities, such as childcare centers, suggest that
the prevalence rate of elevated PbB in one major Australian city is significantly
higher than was reported in the national survey. This analysis will form the
basis for a model predicting the presence and risk of environmental lead for
any city. It also offers a means of targeting further investigation of lead expo-
sure, using small-area census data to estimate the number of children at risk
more accurately, and selecting areas for future sample surveys. Developing a
cost-efficient and accurate method of modeling lead exposure risk to children
is a task to which GIS is clearly well suited.
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Introduction

The issue of elevated blood lead levels (PbB) has not received the detailed attention in
Australia that it has in the United States. There are many reasons for this. One is the per-
ception among health authorities and the lay public that environmental lead is not a
major concern, especially in relation to other preventable and more manageable child-
hood illnesses. Despite this perception, it has been suggested that lead poisoning is prob-
ably more common than most of the diseases routinely screened for in childhood (1).
Another reason is the political difficulty in addressing the issue of lead, especially where
the lead industry is important to the local economy, as is the case in South Australia.

While Australia has the same risk factors for elevated PbB as the United States,
there may be some differences between the two countries in the relative importance of
these factors. In Australia, it has taken eight decades for the lead content in paint to be
reduced in increments to its current levels, though the danger was recognized in the
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Australian state of Queensland at the turn of the century. (Most Queensland housing is
painted timber, thus maximizing the amount of lead paint in children’s environments).
The lead content of paint was not reduced in the United States until 1978 (2). On the
other hand, the phasing out of leaded gasoline in Australia began in 1986, but its sale
was made illegal in the United States in 1976 (3). In 1996, 38% of Australian vehicles still
used leaded gasoline, while 45% of vehicles in the state of South Australia still used it.
Many households with these vehicles are of low socioeconomic status and low income,
and cannot afford to purchase and run later-model cars. People in lower-socioeconomic-
status households are also more likely to work in industries involving and handling
lead. It should be noted that South Australia’s economy has been depressed in relation
to the other Australian states for several decades and that South Australia has a strong
base in manufacturing and light and heavy industry. The only Australian state that has
a higher rate of leaded gasoline usage than South Australia is the economically de-
pressed state of Tasmania. South Australia was also the last state to achieve the recom-
mended lead level of 0.2 milligrams (mg) per liter for “unleaded” gasoline in October
1996 (4).

While there may be differences in the relative importance of the different sources of
lead between Australia and the United States, in terms of previous findings and out-
comes, there appears to be little difference between the sources of elevated PbB per se.

Lead is both a health problem and a social problem. As an industrial, urbanized
country, Australia is no stranger to the known risk factors such as old paint in older
housing, residential proximity to industries using lead, and household cleanliness.
Many other lead risk factors involve individual behavior, such as hobbies involving
lead, a child’s tendency toward pica, and nutritional status. However, the literature to
date has shown that a great deal of the lead involved in childhood lead poisoning
comes from a child’s environment. The source and distribution of this lead is thus be-
yond the control of individual households and parents. The main source of ingested
lead in urban residential areas is usually paint in older housing. More than 3.5 million
houses in Australia were built before 1971, when paint typically had high levels of lead.
In general (though there are variations between the states), Australian paint contained
up to 50% lead until 1950, when lead in paint was reduced to about 10%. The concen-
tration was further reduced to about 1% in 1970, to 0.25% in 1992, and then to 0.1% in
December 1997.

The literature generally agrees that the age of housing is a good indicator of the
presence of old (leaded) paint. It has been found, for example, that Canadian children
living in homes built in or before 1945 had an average PbB 62.3% higher than that of
children living in homes built since 1975 (5). Australia’s National Survey of Lead in
Children (NSLIC) (6) also found a relationship between age of housing and PbB, even
though the data for house age were based on estimates by interviewers and respon-
dents rather than official sources (3). Even where children do not reside in a dwelling
likely to have high levels of environmental lead, it is still important to identify such
dwellings. In some cases children’s elevated PbB are derived not from their own resi-
dence but from other residences in their community (7). Some dwellings are also
contaminated by lead paint in adjoining dwellings via airborne and mechanical
transport (8).

The status of the lead problem in Australia is difficult to ascertain. No direct
comparisons between the United States and Australia are available. Prevalence rates for
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PbB in the United States are based on the 1-to-5 age group, while the NSLIC—the only
large-scale survey of PbB in Australia—examined children aged 1 to 4. Moreover, the
use of mass screening programs in the United States over many years makes it possible
to calculate reliable prevalence rates. Australia does not have any ongoing screening
programs at all, except in the South Australian lead smelter town of Port Pirie. With
these caveats in mind, however, the prevalence of elevated PbB (0.49 micromoles per
deciliter [µmol/dL] or 10 micrograms per deciliter [µg/dL]) among 1- to 4-year-olds in
Australia was found to be 7.3%. This represents approximately 75,000 children. The
prevalence rate for American children in 1994 aged 1 to 5 is 8.9% (9). The finding that
the prevalence rate in Australia was only 7.3% meant that the prevalence of elevated
PbB was much lower than the Australian target prevalence of 10% by 1998, which was
set in 1993. Some Australian health authorities have treated the low prevalence of ele-
vated PbB in Australian children as a sign that there is no need to act to prevent lead
exposure. Yet it has been shown that one-quarter of children within a 10-kilometer ra-
dius of the Sydney city center had elevated PbB in 1995 (10), as did a quarter of children
in a working-class area in Perth, Western Australia, in 1994 (11).

There are clear social processes that result in excessive exposure to lead. The link
between gentrification and childhood lead poisoning is supported by several studies
that have found that the highest levels of blood lead are among children from the higher
social strata, although the prevalence rate is higher among the lower-socioeconomic-
status groups (12). The NSLIC found that most children with elevated PbB were socially
disadvantaged (3), although an American survey found that 30% of urban infants (aged
up to 1 year) with high socioeconomic status had PbB over 10 µg/dL (13). Although
other studies agree that lead poisoning is found in all types of communities, it has been
found that children in lower-socioeconomic-status areas were 7 to 10 times more likely
to have lead poisoning (14). It is also significant that many of the households under-
taking renovation of older housing (and who live in older housing either because of the
price attraction of older inner-city housing or the investment potential of older housing
in more upmarket areas) are young couples, including pregnant mothers and couples
with young children. It has been observed that “renovation tends to impact on the most
sensitive population” (8).

The fact that lead poisoning continues to occur in Australia shows that it is still a
problem. The risk factors for lead poisoning are well known but research identifying the
precise locations of these factors has yet to be undertaken in Australia. In the absence
of blood testing—which measures only recent ingestion, not long-term exposure—
other researchers have attempted to use questionnaires to predict elevated pediatric
PbB. Results have shown the questionnaires to be not much better predictors than
chance (13,15–18). There is a need to develop an alternative method of identifying chil-
dren at risk. Because we are unable to identify the locations of individuals, the next best
option is to identify precise areas that are likely to have hazardous levels of environ-
mental lead. This is a task to which GIS appears well suited, given its capacity to inte-
grate and query a variety of different datasets on a precise spatial basis. Some studies
(19,20) that have used coarse spatial units (namely postcodes or local government areas
[LGAs]1) to examine the spatial distribution of PbB suggest that geographic location is
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not of significant predictive value, but the small body of American research using GIS
suggests otherwise (21–25).

It is obvious that the use of mass screening programs like those practiced in the
United States would be a major expense for the Australian health system. Yet there are
variations, spatial patterns, and concentrations of lead risk factors, and thus in elevated
PbB, that might make targeted programs worthwhile. Hence the use of geographic in-
formation systems (GIS) in examining this public health problem. GIS technology has
an important role to play in identifying the areas most likely to have high environmen-
tal lead levels—even though the prevalence of elevated PbB may be low in aggregate
terms, these areas do exist. Random sample surveys have been useful in identifying
the risk factors, and have shown that many of these risk factors have a characteristic
spatial distribution or locational element.  We may not need GIS to identify low-
socioeconomic-status areas, but GIS enables us to identify individual addresses within
those areas. It can also identify high-risk dwellings that may be nestled within an ap-
parently low-risk area.

Risk is a two-dimensional concept, involving, first, the possibility of an adverse
outcome and second, uncertainty over the occurrence, timing, and magnitude of that
adverse outcome (25). If either is absent, then there is no risk. In the case of environ-
mental lead, the presence of known markers or indicators shows there is a possibility of
an adverse outcome. Whether lead poisoning actually occurs depends, of course, on the
presence of children, while its timing and magnitude depend on a number of less read-
ily measured factors such as the amount of time spent in the hazardous location, nutri-
tional status (particularly iron, zinc, calcium, and fat intake), hand-to-mouth behavior,
and the frequency and efficacy of household cleaning and vacuuming. The pathways
by which lead enters the human body are undeniably complex, but it is nevertheless
useful to consider using the presence of lead indicators and their spatial distribution as
one way to estimate risk.

Method

Selection of Case Study Areas

For several reasons, South Australia is a useful area for a case study to demonstrate the
use of GIS in identifying areas at risk for high environmental lead. According to the
NSLIC, South Australia has the second highest mean PbB in the country (the Northern
Territory has the highest level, but this is based on fewer than 20 cases) (6). South
Australia’s capital city of Adelaide is a relatively small city (1 million people), thereby
facilitating travel for fieldwork and minimizing study costs. Another reason to select
Adelaide is that networks already exist between Flinders University’s Key Centre for
Social Applications of GIS and relevant government and university departments.
Figure 1 shows the locations of Adelaide and South Australia.

The original aim of this study was to examine the entire city. However, it was found
that the database management system simply did not have the capacity to store all of
the data required for the whole metropolitan area. Thus it was decided to select two
LGAs as pilots with a view to extending the analysis to the whole city, one LGA at a
time, after the methodology was established. (The Adelaide metropolitan area has
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approximately 30 LGAs, which vary in their level of heterogeneity with respect to so-
cioeconomic status and land use.)

The two LGAs selected as case studies are Port Adelaide-Enfield LGA and Mitcham
LGA (Figure 2). Both areas are located at similar distances from the central business dis-
trict and have similar urban development histories, but have completely different so-
cioeconomic profiles (Figure 3). They were selected because there is significant
socioeconomic and housing type variation within as well as between them, so using
them demonstrates the ability of the GIS to target specific small areas. 

A high level of both heavy and light industry and a higher proportion of public
housing than Adelaide as a whole characterize Port Adelaide-Enfield. Much of the LGA
was settled in the first half of the century, although most of the public housing was built
in the postwar period. Mitcham was also settled in the first half of the century but is lo-
cated in a more desirable part of Adelaide. Its land use is mostly residential, with some
commercial districts and little light industry.

Although both areas have a relatively old age structure (in relation to Adelaide as
a whole), they both have experienced substantial levels of gentrification over the last
two decades. This is consistent with the character of the housing in the two areas—
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older-style cottages and bungalows have become popular and are increasingly in de-
mand, particularly among higher-income professional households. However, the hous-
ing in Port Adelaide-Enfield is also low-priced and attractive to many low-income
households, such as publicly housed households and some first-time home buyers.

Software and Hardware

ARC/INFO Version 7.1 (ESRI, Redlands, CA) was used on an IBM RS 6000 Unix work-
station.

Datasets

Most of the risk factors identified in the literature are already represented in existing

172 GEOGRAPHIC INFORMATION SYSTEMS IN PUBLIC HEALTH, THIRD NATIONAL CONFERENCE

Figure 2 Location of case study areas in Adelaide, South Australia.



datasets constructed for various other purposes. All that remains is to bring them to-
gether on a spatial basis. In this case, four main datasets were used.

The first is the Digital Cadastral Data Base (DCDB) for South Australia, which is a
computer-based map of all land parcels in the state. It comprises approximately 800,000
land parcels, together with their legal identifiers. Associated data include street names
and boundaries of administrative regions such as LGAs, wards, suburbs, hundreds,
and counties. The South Australian DCDB is operated and maintained by the South
Australian Department for Environment, Heritage and Aboriginal Affairs (DEHAA)
but the location of the database varies from state to state. For example, there is no cen-
tralized DCDB in the state of Victoria—each local government in Victoria is responsible
for the cadastre of its area.

The DCDB is widely used by government agencies and utility companies as a basic
reference for land administration, local government administration, facilities manage-
ment, planning, and asset management. It is one of the major core spatial datasets main-
tained by the government. Each parcel has a unique identifier that can be linked to
property valuation assessments for rating and taxing purposes. It is the valuation data
that provide a wealth of information pertaining to lead risk, namely:

• The dates on which properties were constructed
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• The land use code for each parcel
• The material of dwellings’ roofs and walls
• A rating of the condition of each dwelling on a scale of 1 to 9

The two case study LGAs represented 68,000 parcels, which reduced processing time
and database management and storage considerably.

A second dataset used was the South Australian subset of the NSLIC. The original
plan was to use it to validate the predictions of the GIS. However, the NSLIC proved to
be somewhat disappointing for several reasons. One was that data on the ages of
dwellings were based on either the interviewer’s or the householder’s estimates rather
than on any reliable basis. Matching the addresses in the NSLIC with the valuation data
and the DCDB showed that in 78% of cases, the year the householder or interviewer es-
timated the dwelling was built was incorrect, by a margin of approximately 5 years on
average. Almost 90% of the households that were renting their houses made incorrect
estimates of the year their dwelling was built, with an average error of 6 years. Most of
these households lived in dwellings built before 1970. The degree of error generally in-
creased with the age of the dwelling. The average size of the error was 10 years for
dwellings built before 1920, 9 years for dwellings built between 1940 and 1960, 7 years
for dwellings built between 1960 and 1970, 4 years between 1970 and 1980, and only 1.5
years for more recently built dwellings.

Another problem was the small number of cases—only 130 cases for the whole
state. Only about half of those were located in Adelaide, even though Adelaide contains
three-quarters of the state’s population. No cases were located in Mitcham or Port
Adelaide-Enfield. In terms of showing any geographical distribution of PbB, the num-
ber of cases was too small to draw any valid conclusions. Finally, some of the questions
used in the household questionnaire were badly worded, the data on the condition of
paint varied according to whether the householder or the interviewer estimated it, and
the method of dust sample collection was not always appropriate.

Due to the continuing use of leaded gasoline in Australia, traffic flow rates were
seen as an important indicator of lead risk for nearby residences. The South Australian
Department of Roads and Transport supplied (at no charge) traffic information it had
gathered of the whole state. Somewhat surprisingly, the electronic information they
supplied did not include traffic counts associated with roads. Instead, they had hard-
copy maps labeled with average daily number of vehicles for main roads. These had to
be added to the GIS manually using the ArcEdit module of ARC/INFO. Traffic counts
for suburban streets within the two case study LGAs were available from the respective
local government engineering departments. The NSLIC defined a heavy traffic flow as
5,000 or more vehicles per day, which is very low. Thus it is not surprising that no cor-
relation between PbB and proximity to roads was found in this study. However, when
the same data were reanalyzed by the Victorian health department using traffic flows
of greater than 20,000 vehicles per day, there was indeed an association. Consequently,
the benchmark used in this study was 20,000 vehicles. Only 11 of the 133 cases in the
South Australian subset of the NSLIC had data on traffic counts and only 7 of these
were next to roads traveled by more than 20,000 vehicles per day.

The 1991 Census of Population and Housing (26) counts of the number of 0- to 4-
year-olds were allocated to residential areas within the DCDB. Here we were forced to
use averages to get around the problem of allocating areal data to individual dwellings.
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Fortunately, the situation with Australian small-area census data is somewhat better
than in the United States. Australia’s smallest areal unit is the collector’s district (CD),
which contains 220 households on average, whereas the smallest American spatial unit,
the block group, contains about 400 households. (By comparison, New Zealand’s small-
est unit is a “mesh block” of approximately 50 households and the United Kingdom’s
smallest unit contains around 170 households.)

We overlaid the CD boundaries with the DCDB and, for each CD, divided the num-
ber of children aged 0 to 4 by the number of residential dwellings shown in the DCDB.
The resulting average number of children per dwelling was then allocated to every res-
idential dwelling within the CD. In 1996, at the time of the most recent census, approx-
imately 3,000 children aged 0 to 4 lived in Mitcham, forming 5% of the total population
of that area. There were 6,300 children aged 0 to 4 in Port Adelaide-Enfield, forming
6.5% of the population. The percentage for the whole metropolitan area of Adelaide
is 6.4%.

Results

Age

The two case study areas had similar proportions of housing built before 1970. Port
Adelaide-Enfield had 81%, Mitcham 78%. This compares with 50% for Australia as a
whole (27) and 53% for Adelaide (26,28). However, Mitcham has somewhat more hous-
ing built before 1952 (34%) than Port Adelaide-Enfield (28%). Clearly, we may expect
most children in these LGAs to live in older housing; indeed, it was found that 1,200
Mitcham children under 5 (approximately 30%) and 1,150 Port Adelaide-Enfield chil-
dren under 5 (approximately 27%) live in houses built before 1952. A further 30% of
Mitcham children under 5 lived in houses built between 1952 and 1971, but around half
of Port Adelaide-Enfield children under 5 lived in such housing. This is a reflection of
the socioeconomic differences between the two LGAs. Figure 4 shows a view of the dis-
tribution of dwellings by age in part of Mitcham LGA.

Condition

According to our research, one-quarter of Mitcham dwellings are in bad condition.
Approximately 800 children aged 0 to 4 live in these dwellings. However, only a quar-
ter of bad-condition dwellings in Mitcham were built before 1952. This may reflect the
level of gentrification in Mitcham—the older houses are very popular and tend to be
quite valuable. In Port Adelaide-Enfield, 40% of housing was in bad condition, even
though Mitcham and Port Adelaide-Enfield have similar proportions of housing built
after 1952. Many of the bad-condition dwellings in Port Adelaide-Enfield were built
after 1960; there, an estimated 2,500 children under 5 live in housing built after 1960.

Land Use

All land uses identified as possible lead risks were selected using the ARC/INFO com-
mands reselect and the andselect, which were saved in an ARC Macro Language file
(ARC Macro Language, or AML, is the macro language used within ARC/INFO). Based
on the literature, “risk land uses” were defined as wholesale trade of petroleum prod-
ucts, service stations (gas stations), printing and allied industries, paint manufacturers,
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petroleum refineries, petroleum and coal products, pottery, china and earthenware, iron
and steel basic industries, non-ferrous metal industries, industrial waste disposal, ac-
tive slag dumping and mineral waste disposal, and parking lots.

Port Adelaide-Enfield was found to have 255 risk land uses; there were actually 247
land parcels involved in risk land uses, but 5 of them were engaged in multiple risk
land uses. The 247 parcels covered virtually the entire range of land uses identified in
the literature, but the most important were service stations, printing industries, whole-
sale trade of gasolineeum products, and iron and steel basic industries.

Mitcham only had 28 risk land uses, and 23 of these were service stations. We found
that approximately 20 children under 5 in Mitcham live within 50 meters of these land
uses, while 135 children under 5 live in close proximity to risk land uses in Port
Adelaide-Enfield.

Note that the buffer size was deliberately selected to be conservative because there
is little discussion of buffers in the relevant literature to date. At this stage, the shape of
the buffer is a simple circle with the land use as a point in the center, but we do ac-
knowledge that a rose diagram with an ellipse-shaped buffer taking account of wind
strength and direction would refine the buffering technique. It is emphasized that the
aim was to keep the procedure as simple as possible with the option of refining the
methodology later. Figure 5 shows the number of dwellings in close proximity to risk
land uses.

Proximity to Busy Roads

The results from the NSLIC, limited as they are, showed that the average PbB for
Adelaide children under 5 within 25 meters of roads with traffic counts of 20,000 or
more was 0.35 µmol/dL, compared with 0.27 µmol/dL for those living on quieter
streets. However, much previous research shows a strong link between PbB and traffic
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counts, so it is important to estimate how many children under 5 do live within 25 me-
ters of major roads.

There were 117 children under 5 in Mitcham (4% of children under 5 in that LGA)
within 25 meters of roads with average daily vehicle flow of 20,000 vehicles. The 25-
meter buffer is measured from the center of the road. Road widths vary; the
Department of Transport traffic data do contain information on road widths, so it is
possible to increase the size of the buffer according to the width of the road. However,
for the sake of simplicity and to construct a basic model, we used a 25-meter buffer on
all roads regardless of their width. Note that the NSLIC did not adjust distances from
roads according to road widths (which of course reflect traffic flows). This means that
the number of children in close proximity to major roads as calculated here is a conser-
vative figure. Figure 6 shows the number of residential parcels in close proximity to
busy roads in Mitcham LGA.

Even though the number of children under 5 in Port Adelaide-Enfield is double that
of Mitcham, only 151 children under 5 in that LGA (2%; i.e., proportionally half as
many) live within 25 meters of roads carrying more than 20,000 vehicles per day. This
proportion is smaller for Port Adelaide-Enfield than for Mitcham because there are
more industrial and commercial facilities than residential properties along the heavy-
traffic roads in Port Adelaide-Enfield.

In sum, it is estimated that more than 4,000 children under 5 (approximately 40% of
the population of 0- to 4-year-olds) in the two case study areas are possibly exposed to
lead risk factors. The two most common risk factors found together are old housing and
poor housing condition; these two risk factors are present for over 90% of dwellings in
the two case study areas. The relative importance of each risk factor is similar in both
case study areas, although traffic is more important for Mitcham, while risk land uses
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are more common in Port Adelaide-Enfield. Figure 7 shows a selected portion of
Mitcham dwellings identified with at least one risk factor.

Discussion and Conclusion

Validity of Methods

The validity of the GIS’ predictions as to which areas and dwellings may be classified
as high-risk or low-risk in terms of the presence or absence of lead risk factors is cur-
rently being tested using dust sample analysis. Dwellings were divided into three risk
categories based on the number of lead risk factors present—none, one or two, or more,
corresponding to no, moderate, and high risk. Approximately 100 addresses from each
group were randomly selected and letters were sent requesting assistance in the re-
search. Unfortunately, the response rate has been poor, around 20%. Much of this is re-
lated to the elderly age structure of the two case study areas—many of the
householders felt that the study was not relevant to them, while many others undoubt-
edly had security concerns. This was not helped by media reports of bogus charity col-
lectors and similar scams, which were prominent at the time the survey was conducted.

Limitations

The most obvious limitation is the lack of data on the actual addresses of the target pop-
ulation (i.e., children under 5). Confidentiality concerns mean that all identifying infor-
mation collected by the Australian Bureau of Statistics for the Census is destroyed. In
addition, these data are only collected once every five years (although this is a distinct
advantage over American Census data, collected every 10 years). However, it may be
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possible to obtain the addresses of young children via the records for immunization for
childhood diseases held by local governments and other organizations.

Another limitation is the use of dust samples in a dwelling as an indicator of PbB.
The literature is divided over the utility of dust as an indicator; however, circumstances
are such that while the value of blood sampling is appreciated, dust sampling is the
only viable alternative. The United States is fortunate in its access to good data on PbB.

The lead risk model presented here is the first step in developing a lead risk model
for Adelaide and other urban centers in South Australia. It can be refined by weighting
the factors and incorporating other parameters such as wind direction and strength,
presence of traffic lights (because the presence of stationary traffic is an important fac-
tor in airborne lead [5]), historical land use data, materials of roofs and walls, and road
widths. Even in its present form, this model would greatly improve the efficiency of any
expenditure on lead as a health problem. The model makes it possible to mail informa-
tion to specific households, rather than all households. Obviously, we cannot neglect
the role of risk factors beyond the domain of GIS, such as the cleanliness of homes and
the occupations and hobbies of parents. But the use of GIS in lead prevention programs
offers a great deal in terms of targeting of environmental lead factors. This is at least half
the battle.
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